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Résumé :
Cette étude s’intéresse à l’effet du confinement de la voie d’eau sur la résistance à l’avance d’un bateau
fluvial. Un modèle numérique 3D a été développé afin de calculer la résistance à l’avancement d’un
bateau en milieu confiné tout en tenant compte de son sur-enfoncement. Les résultats obtenus avec ce
modèle sont comparés avec des expériences réalisées en bassin de carène et l’effet de la prise en compte
de l’enfoncement sur l’erreur de prédiction est analysé.
Abstract :
This study focuses on the effect of waterway restriction on ship resistance of an inland vessel. A 3D nu-
merical model allowing to predict ship resistance in confined waters by taking ship sinkage into account
has been developed. The numerical results are compared to experimental data from towing tank test and
the influence of taking ship sinkage into account on the prediction error is studied.
Key words : ship resistance, ship sinkage, restricted waterway, CFD, free
surface flow, fluid-structure interaction
1 Introduction
When a ship moves in restricted waterways, a flow contraction occurs around the hull. As a result, the
flow velocity under the hull increases and consequently, a pressure drop similar to Bernouilli effect
happens. This pressure drop results in a downward vertical force applied on the ship which makes it sink
into the water. These hydraulics phenomena have significant influence on ship resistance : a growth of
hull friction is produced by the accelerated flow and ship sinkage increases the amount of water the ship
needs to push in order to move forward. Schijf [1] theoretically and experimentally showed the existence
of a limiting speed that a self-propelled vessel could not exceed in restricted waters due to a steep rise of
ship resistance around that velocity. Schijf and later McNown [2] argued that the supplementary power
required to maintain the ship velocity in confined waters was proportionate to ship sinkage. In order
to predict ship resistance in confined water, several empirical models (e.g. [3]) have been developed
based on towing tank test results obtained with sea-going ships whose characteristics strongly differ
from inland vessels. As a result they present several shortcomings when applied to inland navigation
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in terms of range of application, relevance of the parameters used and lack of details. Mathematical
approaches based on theoretical considerations (e.g. [4]) have also been used but these methods often
lack of validation and make strong hypothesis in order to simplify the problem. Finally, ship resistance in
open and shallowwater has been studiedwith numerical methods (e.g. [5]). However, to the knowledge of
the author, no numerical study of ship resistance in restricted waterways taking ship sinkage into account
have been carried out. Therefore this study aims to develop a 3D numerical model of ship resistance in
restricted waterways including ship sinkage effects.
2 Numerical model
The numerical model is based on the resolution of RANS (Reynolds Averages Navier Stokes) equations
closed with k − ε turbulence model. Ship waves [6] and free surface interface are captured with the
VOF (Volume Of Fluid) method and the dynamic mesh technique is used to update the ship position. In
this work, only the case of a ship sailing at constant speed and dynamic equilibrium is considered. The
equilibrium state is defined as the position where the resultant of vertical forces is equal to zero. Instead
of solving the classical rigid body equation in time, a Quasi-Newton algorithm has been used in order
to find this position thus allowing to skip the transient state and ship oscillations. The coupling between
fluid and solid models is as follows : the fluid equations are solved allowing to calculate the forces acting
on the hull. These forces are then used as an input for theQuasi-Newton algorithm and a displacement can
be calculated. Then the ship position is updated and the fluid equations solved again. Figure 1 illustrates
the fluid-structure interaction process and Figure 2 shows the Quasi-Newton algorithm. This method
was implemented in the Computational Fluid Dynamics (CFD) software Fluent through User Defined
Functions (UDF). More details about the numerical model can be found in Linde et al. (2015) [7].
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3 Experimental data
The numerical results are compared to experimental results deriving from towing tank tests carried out
at the University of Liege (ANAST). In these experiments a self-propelled vessel of 125 m length (L)
was used at 1/25 scale. A wide range of parameters were tested such as channel width (W), channel
depth (H) and ship draft (T). Forces and moments acting on the ship as well as sinkage and trim were
recorded during the experiments. In order to estimate the nature and level of restriction of the waterway
for the tested configurations, the following parameters have been used : water depth to draught ratio
H
T , water width to ship breadth (B) ratio
W
B and canal section (AC) to midship section (AS) ratio
AC
AS
.
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The ITTC87 guidelines [8] state that there is an influence of the bottom or the banks respectively when
H
T < 4 or
W
B < 4 ; and that a general restriction of the waterway starts when
AC
AS
< 15. The different
configurations for which the experimental data were compared to numerical results are listed in table 1.
Table 1 – Modelled configurations and corresponding parameters
Conf. H [m] T [m] W [m] HT [-]
W
B [-]
AC
AB
[-] V [m/s] VL [m/s]
C1 0.18 0.10 0.72 1.80 1.58 4.26 0.11-0.51 0.58
C2 0.18 0.10 1.44 1.80 3.16 7.11 0.22-0.56 0.74
C3 0.18 0.10 2.88 1.80 6.32 12.79 0.33-0.67 0.88
VL=Schijf limiting speed [1]
4 Results and discussion
Figure 3 shows the predicted resistance with and without sinkage as well as the experimental data for
configuration 1,2 and 3.
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Figure 3 – Comparison between the predicted resistance with sinkage (dashed line, empty markers) and
without sinkage (dotted line, empty markers) as well as the experimental data (full line, filled markers)
for configuration 1,2 and 3.
From Figure 3, it can be seen that as restriction increases (configuration 3 to configuration 1) ship resis-
tance and sinkage increase. For instance, for V = 0.44m/s, ship resistance and sinkage in configuration
1 are respectively 2.0 and 1.9 times higher than in configuration 3. The comparison between numerical
and experimental results shows that the predicted resistance is in close agreement with the experimental
data. For ship sinkage, the numerical results show the same trend as the experiment ; however, there
seems to be an offset. This could be explained by a potential error made when measuring the initial draft
during the experiment. Figure 3 shows that up to a speed of 0.33 m/s, the predicted resistance with or
without sinkage does not differ much. However, above that speed, there is a gap between the measured
data and the predicted resistance without sinkage ; while the plot of the resistance with sinkage remains
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very close to the experimental data (within the error bar range). This observation is sustained by the
calculated prediction error : the error with sinkage is almost always smaller than that without sinkage.
Additionally, for those three configurations, the maximum error is 6.3 % with sinkage whereas it reaches
18.4 % without sinkage. It can also be seen that the prediction error without sinkage increases with the
speed and the restriction of the waterway, which is not the case for the predicted resistance with sinkage.
Finally, the increase in ship resistance due to ship sinkage can be very significant : it reaches a maximum
value of 18% for configuration 1 at 0.51 m/s. Those facts highlight the importance of taking ship sinkage
into account in order to accurately predict ship resistance in restricted waterways.
5 Conclusion
The numericalmodel presented in this article allows to evaluate ship resistance in restrictedwaterways by
taking ship sinkage into account. The use of a Newtonianmethod in order to find the equilibrium position
enables to skip the transient state.Moreover thismethod can be easily extended to two degrees of freedom
(to include trim for instance) by introducing the Jacobian matrix. The comparison between experimental
data and numerical results showed that the predicted resistance and sinkage were in close agreement with
the measures. Taking ship sinkage into account in the simulation allowed for a significant decrease of the
prediction error. Although the computational time can be prohibitive, the numerical method presented
in this paper can be used for any restricted waterway configuration and any inland vessel to get accurate
results of ship resistance. This model can also be used to get a better understanding of hydrodynamics
phenomenon in confined waters.
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